Abstract-This paper presents a simulator to simulating two key problems-underwater perception and autonomous manipulation. In the simulator a controller-observer strategy is proposed. A new SLAM (Simultaneous Localization and Mapping) algorithm UKF (Unscented Kalman Filter) is used to estimate the state of UVMS (Underwater Vehicle Manipulator Systems) and the target object. 3D Simulation results show that the new SLAM algorithm can get the optimal estimation of state of UVMS and the target object, and the end-effector of manipulator can reach the desired object and the accuracy is centimeter level.
INTRODUCTION
The development of underwater intervention technology can greatly increase the mankind's capability to understand, utilize and exploit the ocean. So in the field of ocean science research, energy sources, military and underwater engineering, the scientists and engineers are devoting themselves to increase the intervention capability of underwater vehicle. UVMS is a kind of underwater device with intervention capability, and able to use the manipulator mounted on the vehicle to complete the special underwater task. The task can include retrieving the geological specimens and install underwater instruments such as seismometers.
Although currently the most UVMS are operated by the pilot on the vessel, the autonomous and semi-autonomous is the development trend. Aiming at the autonomous operation capability of the UVMS, two research issues are proposed perception and autonomous manipulation. 1) Perception problems can be roughly divided into two types according to the information about the state of target objects and the UVMS. If the object is stationary, it is a mapping problem. About this subject SLAM and relative position estimation are two active areas. If the object is dynamic, it becomes a target motion estimation problem. About this subject, a great deal of research has been focused on the BOT(bearings-only tracking). obtained in the stage of perception. The manipulator is driven to touch the target object. In this community, the coordinated motion planning and control is an active area. Although many approaches about motion planning and control of land-based and space robots have been discussed, these methods are not applicable to the UVMS. Because the base of UVMS is floating compared with the land-based robots and complex and uncertain hydrodynamics is forced on the UVMS compared with space robots.
In this paper by fusing the information from IMU(Inertial Measurement Units) and monocular camera, a map about UVMS and the target object is constructed in the unstructured environment. UVMS completes the manipulation task based on the map. The whole simulation research is finished on Matlab. The remainder of paper is arranged as follows. In section II, the related researches are summarized. In section III, difficulties, which will appear in the research about this paper, are presented, and the simulator's principle and strategy are proposed. In section IV a new method to solve the problem about SLAM is proposed. In section V motion planning of end-effector of manipulator is described. In section VI the simulation about map construction and manipulation is proposed to show that the new algorithm about SLAM is effective and the autonomous manipulation is successful.
II. RELATED RESEARCH
Many researches have been addressed on the perception vision-based in the field robots community. H.H.Wang [1] proposed an object-sensing system based on the stereo-vision. Jiang Wang [2] proposed 3D relative position and orientation estimation by the method of vision-based only. Not only position of target object but also its orientation is obtained in this paper. The estimation algorithm adopted in this paper is EKF. Huster[3] proposed the scheme of fusing information from IMU and camera, and demonstrated the underwater autonomous manipulation on a land-based manipulator. This paper is enlightened by Huster Kim[5] and Langelaan [6] applied the SLAM to the UAV(Unmanned Aerial Vehicle). Yufeng Liu [7] used the SLAM on the ground vehicle.
In the area of the autonomous manipulation, Professor Antonelli [8] [9] investigated many aspects about UVMS, which included inverse kinematics resolution to find suitable vehicle/joints trajectory that correspond to a desired endeffector, adaptive tracking control of UVMS and interaction control of UVMS. Mclain [4] )can be got. However, in this situation, only bearing of target is provided. 2) low-cost IMU and camera generate the measurement value with high noise level. 3) discretizing the continuous state and observing equations with Euler method introduces the unmodeled error. In this paper, UKF is implemented as solution to the three challenges.
In the paper a controller observer strategy is adopted to complete the perception and autonomous manipulation task in the closed loop control system. The perception and manipulation scene is shown in Fig. 1 . The simulator principle is shown in Fig.2 .
In Fig 1, The movement trajectory described in (c) is not feasible, because no new bearing information is measured if the vehicle moves like that. The trajectory like (b) is not easy to realize for a real UVMS. So at the first research stage, the linear motion (a) is selected as the motion trajectory of UVMS. In fact, the motion planning is an important research issue. The planning principles are: 1) minimizing the uncertainty of state of UVMS and the target object. 2) minimizing the time or power to reach the object. Much work has been done in [13] .
IV. STATE ESTIMATION
State estimation is based on the measurements from IMU and camera. So the first step in this part is constructing the model of IMU and the camera. The model will occur as the observing equations.
A. Camera Model
In order to approximate the real UVMS, the camera is located at the head of UVMS, and the offset between GC(gravity center) of vehicle and the OC(optical center) of camera is not neglected. The optical axis of camera is consistent with x-axis of vehicle, and the effect focal length of camera is f 1. The camera is represented by the standard perspective projection model as shown in qXJlyJ,z) is the offset between the GC and OC. CT is the transforming matrix from the body frame to the camera frame.
In this paper it is 3 x 3 identity matrix.
-VsxXo-vX (5) bay = nbay (6) ba= nba.
bc, = nb (8) the scale factor can be modeled as ax = n. (9) fy = nay (10) az =n0z (11) (28) where Vk is the zero mean white Gaussian noise.
The frequency of time update and measurement update has great effect on the performance of algorithm. Usually the frequency of IMU is faster than vision. At the simulation stage, a worst condition is used, that is, the frequency of IMU and the frequency of vision are all equal to the sample frequency of vision.
E. Planning of End-effector Trajectory
On the UVMS, which the paper is discussing, a two link manipulator is used to perform the task of manipulation on the horizontal plane. Under the condition of moving of vehicle, the observer can estimate the position of the vehicle and the target object. So the UVMS is able to extend its manipulator to approach the target while the vehicle is moving. Two steps need to be taken to perform the task. Firstly, an expected trajectory, in which the end effector will move from the start point to the target, is planed. Secondly the trajectory needs to be transferred from the task space to the joint space. This is a inverse kinematics problem. The manipulation in horizontal plane is shown in Fig 5. When vehicle is located in B, the manipulator is in C, the trajectory is planed from C to D in task space and joint space.
In the body frame, the position of end effector and the elbow joint is calculated:
Xend =Xoff + L1 * cos 01 + L2 * cos(61 + 02) ( (3, initial object state is generated at the run time. It is a random vector which is described as xOO[j + 0.5 * rand,1.5 + 0.5 * rand,1.5 + 0.5 * rand] rand means a random number between -1 to 1. Because in the underwater environment the visionable distance is about 1-3m, the selection of this vector abides with the real underwater environment. Here the random number is used, which shows the initialization of object is stochastic in a certain range. The stochastic initial position demonstrates that the initial value has a little effect on the observer. The initialization of state covariance is selected as possible as less. The quantities level is 10 8 excert that the initial covariance of position of the target is 0.5 Measurement covariance is 07 2 = 0.012& = 0.012.
The trajectory of vehicle and the map are shown in Fig.6 . triangle of blue is the initial position of the target object. The green triangle is the ultimate estimation position. The red diamond is the real target position. We can see that the green triangle is consistent with the red diamond, so observer estimates the position of object successfully. Fig 7 shows the comparison between the real attitude of the vehicle and the attitude's estimation value obtained from the observer (red represents the real value, and the black represents the estimation value).
B. Autonomous Manipulation
In this simulation, the vehicle moves in the horizontal plane, from (0,0,0) to (2,0,0). The length of vehicle is 2m, the length ofjoint 1 connected with vehicle is Im and the second joint's length is 0.3m. In Fig. 8 half of vehicle is shown, and in the body frame, the target is moving and the manipulator is driven to approach the target. The red square represents the start point when the manipulator begins to move and the green diamond represents the end point of target when the simulation is finished. The result shows that at last the end-effector can reach the target, and the accuracy is centimeter-level. C. Discussion
The noise level of sensors(IMU and Camera) and the sample period have effect on the performance of observer. Simulation results show that too large noise level and too low sample frequency can cause the observer divergence. In this paper a worst sample frequency 30hz is used, which most low cost vision sample system and IMU can reach this level. The covariance of accelerometer used in the simulation is 0.012 and the angular velocity covariance is 0.0082, the camera covariance is 0.012. The low-cost sensors can reach the quantities level.
Because the discretization induces the unmodeled error, the initial state covariance and process noise covariance can not be obtained accurately. That means no accurate prior 978-1-4244-2126-8/08/$25.00 ©2008 IEEE I knowledge can be got for the SLAM problem. So the initial value is set with a "seemed reasonable" value. The simulation results show that the setting method is feasible.
VI. CONCLUSION
This paper proposes a simulator to simulate the perception and manipulation for the UVMS. An Observer is used to estimate the state of UVMS and the target object, by which a map is constructed. A controller and observer strategy is used to realize the automatic manipulation.
Simulation can demonstrate that the observer's algorithm is feasible and provide the sensor's noise level which is necessary for the convergence of observer.
VII.
